The activity of NADP and 02 photoreduction by water is essentially higher in chloroplasts isolated from pea seedlings (Pisum sativum L.) grown under blue light as compared with that from plants grown under red light. In contrast, the photoreduction of NADP and 02 with photosystem I only is practically the same or even lower in chloroplasts isolated from plants grown under blue light. The data reported are interpreted in terms of differential rates of electron transport from water in the two chloroplast preparations.
It is becoming increasingly evident that in green plants, light not only excites the energy-dependent reactions of photosynthesis, but it also serves in a regulatory capacity and controls essential mechanisms participating in the endogenous regulation of the vital activity of plants. The various pigments that function in this regulation may, obviously, either be involved directly in the reactions of photosynthesis or they may influence the process via other reactions which affect the metabolic and energetic state of the cell and chloroplast (15, 24, 25) .
It is possible to ascertain the specific regulatory role in photosynthesis of the pigments excited by blue light only (most probably carotenoids, flavins, porphyrins, and quinones) by comparing the effectiveness of blue and red light on photosynthesis. In comparing the effects of blue and red light on photosynthesis, it is necessary to provide equal light quanta for the energy-dependent reactions of the primary photochemical stage of photosynthesis (25) . A comparative study of the fast, easily reversible effects of red and blue light on photosynthesis of white lightgrown plants gave evidence for the different influence of red and blue light on both gas exchange and carbon metabolism (12, 18, 24, 25) .
Thus far, there is not a great deal known about the action of prolonged blue light on the formation of the photosynthetic apparatus of chloroplasts. A great deal of attention was paid to the role of red light in light-dependent macromolecular biosynthesis of chloroplasts (21) . At the same time, it is apparent that blue light also affects the formation of the photosynthetic apparatus of chlorop!asts. Supporting evidence comes from the fact that the C02-gas exchange in plants grown under red and blue light is different and is essentially higher in blue light-grown plants (27) at all intensities of light. This is true both for C3 and C4 plants (19, 28) . The acceleration of C02-gas exchange in plants grown under blue light is correlated with increased activity of the carbon metabolism enzymes (19, 28) .
As to the prolonged action of red or blue light on the photochemical activity of photosynthesis, it has been found only that blue light affects more efficiently the photoreduction of TPIP,' DPIP (1 1), and FeCN (1 1, 27) by water. To elucidate the events underlying this phenomenon, we undertook a study of the specific features of the electron transport chain organization in plants grown under blue light as compared to those grown under red light.
MATERIALS AND METHODS
Plant Material. Pea seedlings (Pisum sativum L.) were grown on vermiculite in phytotron under illumination by red or blue fluorescent lamps (the temperature during the 16 hr of illumination was 22 C and at night 18 C). The spectral characteristics of the lamps employed are given in Figure 1 . The individual light intensities, adjusted experimentally to be equal in both cases, were as high as 30 w m-2 of red light and 45 w m-2 of blue light. Table  I .
The rate of NADP photoreduction by water is significantly higher in the blue chloroplasts as compared with the red chloroplasts. However, in the case of NADP photoreduction by an artificial electron donor, the relative activity of blue chloroplasts decreased by at least a factor of 2 and became similar to the activity of NADP photoreduction by red chloroplasts or even lower. The extent and the rate of NADP photoreduction by water and by photosystem I in the red chloroplasts was similar in most instances. Thus, the significant differences in rates of NADP photoreduction in red and blue chloroplasts occur only if water is the electron donor.
The kinetics of 02 uptake in chloroplasts of both types is shown in Figure 2 . With the blue chloroplasts, the rate of "endogenous" 02 uptake excited by photosystem 11 (9, 16 ) is higher than with the red ones. Addition of DCMU inhibited the endogenous 02 uptake. The subsequent addition of ascorbate reactivated the 02 uptake linked with the photosystem I only (7, 9) . These data support the conclusion that the electron transport from water driven by photosystem II is responsible for the higher reduction of oxidants in blue chloroplasts.
To elucidate the cause of the differences in the electron flow from water in blue and red chloroplasts, the induction of fluorescence in the two types of chloroplasts was measured. The variable fluoresence (AF) is attributed to the emission from Chl a of photosystem II and reflects the redox state of the primary electron acceptor, Q, of photosystem II (6) while the constant fluorescence (FO) is a general characteristic of the Chl and reflects the energy which does not reach the reaction center (14) .
The data in Figure 3 show that in the red chloroplasts, Fo = 20 and AF = 54; and in the blue ones, Fo = 16 and AF = 57. With equal concentrations of Chl in the blue and red chloroplast suspensions as well as in intact leaves, the values of AF are almost the same, suggestive of equal amounts of photosystem II reaction centers in each of them. At the same time, the difference in Fo may indicate that in blue chloroplasts the pigment apparatus is arranged more effectively, such that they contain relatively a lower amount of inactive Chl. The ratios of AF:F0 for the red and blue chloroplasts were 2.7 and 3.6, respectively (mean of six measurements). In chloroplasts of both types, the detected values of AF are maximal, since upon addition of dithionite, the level of maximal fluorescence is equal to the sum of Fo and AF. Therefore, it can be assumed that the low effectiveness of energy transfer from the "antenna" Chl to the reaction center of photosystem II may be one of the reasons that account for the low rate of NADP reduction by water in the red chloroplasts. A similar conclusion about the equality of the amount of reaction centers not only of photosystem II, but also of photosystem I (P700), in the plants grown under red or blue light has been made earlier based on the ESR signal I observable in chloroplasts and intact leaves (5) .
It is possible also that the quantity of some electron carrier proteins determines the rate of the electron transport between the two photosystems in the red chloroplasts. At any rate, addition of plastocyanin to the red chloroplast suspension resulted in an acceleration of NADP photoreduction by water, but caused virtually no effect in the blue chloroplasts (Table II) .
We investigated also the light-induced difference spectra in the a-bands of the Cyt. trons (A, B, C) are given in Figure 4 . The greatest decrease of absorbance reflects, essentially, the oxidation of Cytf (a-band of Cyt f at 554 nm; see Fig. 4 -I, A, B, C). The peak amplitude of the absorbance changes of Cytf in the blue chloroplasts is higher by far than in the red chloroplasts as is the steady state level of Cytf oxidation in the blue chloroplasts. Inasmuch as the number of reaction centers is the same in chloroplasts of both types, there are, obviously, differences in the rates of the oxidation and reduction of Cyt f. The data of Figure 4A -I are consistent with the fact that Cyt f is capable of being oxidized even under the conditions where the two photosystems are excited. Although the absorbance changes in the a-band of Cyt b6 at 563 to 565 nm are negative (Fig. 4A-I) , the shape of the spectrum suggests that the absorbance changes due to Cyt b6 itself are positive; i.e. under these conditions, Cyt b6 is reduced by light. However, the more rapid oxidation of Cyt f accounts for the shift of the absorbance changes to the negative region. The slow lightinduced absorbance changes (Fig. 4A-II) in the red and blue chloroplasts show a maximal decrease at 559 to 560 nm. The amplitude of these changes is larger in the case of the blue chloroplasts. It may be assumed that in the blue chloroplasts, the involvement of Cyt b559 in noncyclic electron transport associated with photosystem II is such that its light-induced oxidation occurs at a rate higher than its reduction. The slow light-induced absorbance changes (Fig. 4B-II) has a maximum within the aband of Cyt f, and its magnitude in the case of the blue chloroplasts is also higher. Another maximum in this spectrum appears to be shifted to longer wavelengths (563-565 nm). Therefore, the slow component is related to oxidoreductive conversions of Cytf involved in cyclic electron flow and, possibly, to Cyt b563. In this case, in chloroplasts of both types, the steady state level corresponds to a higher extent of oxidation of the carriers. The slow absorbance changes (Fig. 4C-II) for the red and blue chloroplasts differ from one another. Thus, the red chloroplasts exhibit two maxima: at 554 nm and 563 nm, whereas the blue chloroplasts exhibit only one definite maximum at 563 nm.
As seen in Figure 5 , in blue chloroplasts, the difference spectrum, "dithionite reduced minus ferricyanide oxidized (D -F)," exhibits a maximum at 559 nm (a-band of Cyt b559). In the spectrum of red chloroplasts, the maximum shifts toward the a- band of Cyt b6 (563 nm). The "untreated minus ferricyanide oxidized (U -F)" difference spectra clearly show that both in the blue and red chloroplasts, the reduced Cyt component is Cyt b559. The "dithionite-reduced minus untreated (D -U)" difference spectrum of the red chloroplasts has an absorbance maximum at 563 nm whereas that of the blue ones is at 560 nm. The Cyt b563 is auto-oxidizable and may be present in chloroplasts in the oxidized form. The maximum of Cyt b56 is distinctly observed in the "D -U" difference spectrum of the red chloroplasts and in the blue chloroplasts this maximum shifts toward shorter wavelengths. The shift of the absorbance maximum to 560 nm in the blue chloroplasts is interpreted to mean that a larger amount of a "low potential" auto-oxidizable (3) Cyt b559 is present in the oxidized form. Another form ("high potential") of this Cyt is likely to be present in the blue chloroplasts in the reduced state (Fig. 5U -F) .
CONCLUSION
The data presented clearly indicate that the quality of light during the growth of plants induces some alterations in the electron transport chain. The changes probably are associated with an increase of excitation energy transfer from Chl to the reaction center of photosystem II (Fig. 3) , as well as with some alterations in the electron transport chain organization. In red chloroplasts, Cyt oxidoreductive changes are linked mainly with the conversion of Cyt b6, and in blue ones with that of Cyt b559. In the blue chloroplasts, the predominance of Cyt f oxidation over its reduction is expressed to a greater extent and at a more rapid rate. It is known that Cyt f and plastocyanin are localized between the photosystems (4, 20) although the relative location of plastocyanin with respect to Cyt f in the photosynthetic electron transport chain is still disputed. If plastocyanin is the primary electron donor of photosystem I, then with the sequential arrangement of Cyt f and plastocyanin, the deficiency of plastocyanin may appear to be the very step that limits the rate of Cyt f photooxidation in red chloroplasts.
It is difficult to distinguish the primary cause of alterations in the ETC which are induced by the quality of light. Most likely, the changes observed are a result of a blue light-induced activation of the biosynthesis of some functional and structural proteins of the electron transport chain. There are good reasons to assume that the different fashions in which lamellae are stacked in the blue and red chloroplasts (23, 26) influences the organization of ETC. In any case, the regulatory action of blue light is expressed not only at the level of carbon metabolism enzymes, but also as early as at the photobiochemical stage of photosynthesis.
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